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ABSTRACT 
Cordyceps is a well-known traditional medicine to heal various serious diseases for 
centuries. Besides, polysaccharides isolated from Cordyceps had demonstrated to exhibit 
potential bioactivities, especially antioxidant activity. Hence, this study concentrated on the 
antioxidant effects of exopolysaccharides (EPS) isolated from ten kinds of Cordyceps cultured 
broth. Consequently, Cordyceps sinensis cultured broth possessed the highest EPS as well as 
total carbohydrate content, but the nearly lowest protein content (2.75 g/l, 69.39 % and 1.01 % 
respectively).  Most of EPSs exhibited potential radical - scavenging activities suggesting that 
EPSs would have been regarded as antioxidant resources. Nonetheless, the EPS from DL0067 
possessed the highest ABTS radicals scavenging activity (IC50 value = 1026.70 ± 3.64 µg/ml) 
but low hydroxyl radicals scavenging activity (IC50 value > 5,000 µg/ml). The EPS from 
DL0075, in contrast, exhibited the highest hydroxyl radicals scavenging activity (IC50 value = 
463.15 ± 26.19 µg/ml). All in all, the experiments were indicated higher antioxidant activities of 
EPS from Cordyceps isolated in Viet Nam than those from Cordyceps sinensis. These findings 
demonstrated that the antioxidant activities related to complexes of polysaccharides and proteins 
instead of only polysaccharide contents. 
Keywords: antioxidant, Cordyceps, cultured broth, EPS, exopolysaccharide. 
1. INTRODUCTION 
Cordyceps, a rare caterpillar fungus owning a wide range of biological activities, is one of 
the well-known valued traditional herbal remedy considered as health food and tonic for 
 
 
Comparison of radicals scavenging activity of exopolysaccharides from cultured Cordyceps spp. 
 
149 
centuries. Amongst, Cordyceps sinensis namely Dongchong Xiacao is famous for a long history 
of traditional use to replenish the kidney, soothe the lung, treat chronic coughs, arrest bleeding, 
or restore health after illnesses. Recently, many more attentions have concentrated on Cordyceps 
biological constituents and activities. Evidence-based experiments indicate that C. sinensis 
consists of bioactive constituents such as cordycepin, cordycepic acid, nucleosides, ergosterol, 
polysaccharides, amino acids and trace elements [1]. Besides, more recent studies suggested that 
C. sinensis possesses immunomodulatory, antiproliferative, proapoptotic, antioxidative and 
antifibrotic effects [1, 2].  Polysaccharides from Cordyceps have demonstrated to contain 
various bioactivities, especially antioxidants. According to Li et al. [3], exopolysaccharides 
(namely ES, EPS-1, EPS-2) isolated from Preussia aemulans, a new species isolated from C. 
sinensis fruiting body, exhibit exponential antioxidative activities; thus the isolated 
exopolysaccharides could be explored as natural antioxidative food or supplements.  Rongshan 
et al. [4] determined the potential antioxidant activity of EPS of C. militaris SU5-08 that 
scavenged 63.64 ± 3.52 % of hydroxyl, 75.27 ± 5.16 % of superoxide anion and 6.46 ± 5.03 % 
of DPPH free radicals at a dosage of 5 g/l respectively. In 2009, Leung et al. [5] indicated that 
EPS produced in a mycelial liquid culture of the Cs-HK1 C. sinensis showed moderate 
antioxidant activities with a Trolox equivalent antioxidant capacity of 35-40 µmol Trolox/g and 
a ferric reducing ability of plasma of 50 - 52 µmol Fe(II)/g. 
Natural Cordyceps which are found in high attitudes are both rare and expensive. Besides, 
the fruiting body (fungus) accounts for majority of chemical compositions and pharmacological 
properties compared to the worm (caterpillar). Several mycelial strains have been isolated from 
natural Cordyceps and produced in large industrial scale by fermentation. These artificial 
products possess various bioactivities similar to that of the natural counterparts [6]. In Viet Nam, 
Cordyceps are being outstanding products produced and researched. However, Cordyceps 
producing processes have paid more attentions in biomass contents but stills not been interested 
in cultured broth that contain the high  olysaccharide concentrations. Our previous report had 
indicated antioxidant activity of extracts of Cordyceps sp. Isolated in Viet Nam [7]. Recent 
report determined antioxidant activity of exopolysaccharides from nine kinds of cultured broths 
of Cordyceps isolated in Viet Nam.  
2. MATERIALS AND METHODS 
2.1. Materials 
C. sinensis strain was supplied from Dr. Binh-Nguyen Truong, the principal of The 
Institute of Hi-Tech Agricultural Research and Application, Dalat University. Nine Cordyceps 
sp. including DL0004, DL0006, DL0015, DL0038A, DL0038B, DL0050, DL0067, DL0075 and 
DL0077 were isolated in Langbiang, Lam Dong Province. All of Cordyceps sp. were stored in 
the same conditions at Nguyen Long Joint Stock Company, Lam Dong Province. 
Cultured Cordyceps broths were obtained from Nguyen Long Joint Stock Company, Lam 
Dong Province. ABTS (2,2-azinobis-3-ehtylbenzothiazolin-6-sulfonic acid), ferric sulfate and 
sodium salicylate were purchased from Sigma Aldrich, Inc., USA. Hydrogen proxide was 
purchased from Merck, Germany. 
2.2. Analytical methods 
2.2.1. Preparation of exopolysaccharides 
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Cordyceps sp. were cultured on potato glucose (PG) agar in Petri dishes at 25 
o
C for 7 days. 
Then the seeds were grown in 250 ml Erlenmeyer flasks containing 400 ml PG liquid culture 
medium at 25 
o
C for 7 days. Afterwards, the seed culture was transferred into 10 litters PG liquid 
culture medium at room temperature for 30 days. 
The crude exopolysaccharides were isolated by the method of Kim and Yun [8] with some 
modifications. The Cordyceps cultured broths were harvested after culturing process. 
Subsequently, they were mixed with four volumes of 96% ethanol, stirred vigorously and left 24 
hours at 4 
o
C. The precipitated EPS was filtered through Whatman filter paper No. 4 and the 
supernatant was discarded. The crude EPS were lyophilized and weighed to obtain the 
concentration. Then, the crude EPS were quantified total polysaccharide and protein contents. 
2.2.2. Determination of polysaccharide content 
The total polysaccharide contents were measured by phenol–sulphuric acid method, using 
saccharose as a standard [9]. 1 ml of 5 % phenol was added to the test tube containing 1 ml EPS 
solutions, vortexing. Then, 5 ml sulfuric acid was added. The absorbance at 490 nm was 
measured after 30 minutes at room temperature. The content of polysaccharide was plotted 
against the corresponding absorbance resulting in a standard curve used to determine the 
polysaccharide in samples. 
2.2.3. Determination of protein content 
The Bradford assay was used to quantify total protein contents, using albumin as a standard 
[10]. 2.5 ml of Coomassie Brillant Blue reagent was added to the test tube containing 0.5 ml 
EPS solutions, vortexing. The absorbance at 595 nm was measured after 10 minutes at room 
temperature. The content of protein was plotted against the corresponding absorbance resulting 
in a standard curve used to determine the protein in samples. 
2.2.4. ABTS
.+
 radical-scavenging assay 
The measurement of ABTS
.+
 radical scavenging activity was used with some modifications 
[11]. 7 mM ABTS
.+
 was mixed with a 2.45 mM potassium persulphate solution. The reaction 
mixture was left to settle at room temperature for 12-16 h in the dark before using. ABTS
.+
 
solution was diluted with phosphate buffer to adjust its absorbance to within 0.70 ± 0.02 at 734 
nm. Then, 3 ml of ABTS
.+
 solution was mixed with 100 µl of various concentrations of samples. 
Vitamin C was considered as a positive control. Finally, the absorbance was measured at 734 nm 
after reaction at room temperature for 30 minutes.  
The ABTS
.+
 free radical scavenging activity was calculated by the following equation:  
(1 − A/A0) × 100 % 
where A and A0 were the absorbance values in the presence and absence of the test samples, 
respectively. Each experiment was carried out in triplicates and consequences were exhibited as 
mean % antioxidant activity ± SD. The concentration of 50 % inhibition (IC50 value) based on 
the percentage of ABTS
.+
 radicals scavenged was calculated from the plotted graph of the means 
at the concentrations of the samples.  
2.2.5. Hydroxyl radical-scavenging assay 
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The hydroxyl assay was determined based on the Fenton reaction [12]. Reaction solution 
contained 1 ml of 3 mM ferric sulfate, 0.35 ml of 3 mM hydrogen proxide, 0.3 ml of 40 mM 
sodium salicylate, 1 ml of varied concentration of EPS. After incubation for 1 hours at 37 
0
C, the 
absorbance of the reaction mixture was measured at 562 nm. Hydroxyl radical scavenging 
activity (%) was calculated by [1-(A1 – A2)]/[(A0 – A02)] × 100, where A1, A2, A0 and A02 are the 
absorbances in the presence of the test sample, without sodium salisylate, without test sample,  
without sodium salicylate and test sample, respectively. Vitamin C was used as a positive 
control.  
2.2.6. Statistical analysis 
All experiments were carried out in triplicates. Data were processed and analyzed using 
Excel 2010 software. Data were represented as Mean ± SD. 
3. RESULTS AND DISCUSSION 
The analysed crude EPSs contained a wide range total polysaccharide and protein contents 
from 30.95 ± 0.00 to 69.98 ± 0.00 and from 0.98 ± 0.00 to 3.90 ± 0.00 (%) respectively. 
However, there were a great separation in polysaccharide levels as well as a low correlation 
between polysaccharide and protein contents. Our previous reports had suggested that EPSs 
from Cordyceps sp. were complexes of polysaccharides and proteins that caused antioxidant 
activity.  That viewpoint was supported  by Leung et al. [5] that crude EPS isolated from C. 
sinensis contained 65 – 70 % sugar and 25 % protein as well as was composed of 
polysaccharide-protein complexes. Accordingly, our screened EPSs contained 50.30 % 
polysaccharide and 1.74 % protein lower than the report of Leung. The differences might be 
caused by extraction methods. The report of Zhong et al. [13] indicated that there is variation in 
the polysaccharide content of Cordyceps strains. Polysaccharide content in the mycelia of C. 
sinensis, C. sobolifera, and C. gunnii were 157.30, 94.88, 28.20 mg/g, respectively. Although, 
by comparison, the content of total sugars of C. sinensis between the corpus (part of the insect) 
and fruiting body (ascoma) was slightly different (24.20 and 24.90 %, respectively), the content 
in mycelium was higher (39.4%). The total sugars of the fruiting bodies and mycelia of C. 
militaris were 260.64 and 389.47 mg/g, respectively [13]. Besides, various experiments had 
determined that biological activities were caused by polysaccharide-protein complexes. In 1986, 
the effects of protein-bound polysaccharide (SN-C) extracted from C. ophioglossoides on the 
growth of transplanted allogeneic and syngeneic murine tumors were indicated by Ohmori et al. 
[14]. In 2000, C.Ooi and Liu suggested that numerous polysaccharides and polysaccharide-
protein complexes have been isolated from mushrooms and used as immunomodulation and 
anti-cancer resources [15].  
To investigate the effects of EPSs on the antioxidant activity in vitro, the ABTS and 
hydroxyl free radicals scavenging rates were examined. As shown in Table 2, the IC50 values of 
vitamin C as a positive control detected in the same experimental procedure were 30.86 ± 0.05 
and 112.70 ± 0.14 µg/ml in ABTS and hydroxyl free radicals scavenging assays, respectively. 
Besides, the IC50 values of various EPSs in ABTS and hydroxyl free radicals scavenging assays 
ranged from 1,026.70 ± 3.64 to 2,952.92 ± 26.56 and from 463.15 ± 26.19 to > 5,000 µg/ml, 
respectively. Comparison of response to the antioxidant capacity value between both assays 
revealed that ABTS free radicals scavenging assay exhibited higher value, except EPS from 
DL0075. EPS from C. sinensis, a well-known traditional medicine, reached IC50 = 1,263.72 ± 
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8.05 µg/ml in ABTS free radicals scavenging assay and IC50 = 3,703.84 ± 27.44 µg/ml in 
hydroxyl free radicals scavenging assay. As a result, EPSs from DL0038A and DL0067 
exhibited stronger ABTS free radicals scavenging activity (IC50 = 1,130.38 ± 3.90 and 1,026.70 
± 3.64 respectively); and, EPSs from DL0006 and DL0075 exhibited stronger hydroxyl free 
radicals scavenging activity (IC50 = 1,319.40 ± 15.89 and 463.15 ± 26.19 respectively). These 
findings presented antioxidant potential of EPSs from Cordyceps sp. isolated in Viet Nam. 
Compared to antioxidant activities of IPS and EPS extracted from C. gracilis (Sharma et al, 
2015), C. gracilis was collected from Northwest India and was deposited at Herbarium, 
Department of Botany, Punjabi University, Patiala. The IC50 values of ABTS free radical 
scavenging activity of IPS and EPS from C. gracilis were 5.11 ± 0.22 and 7.08 ± 0.32 mg/ml, 
respectively [16]. Sharma et al (2015) studied the antioxidant activity of C. cicadae collected 
from the sub-Himalayan forest at Macleodgang (Dharamshala, India) geographically located at 
32.238602°N 76.323878°E. The result showed that IC50 values of ABTS free radical scavenging 
activity of IPS and EPS from C. cicadae were 5.23 ± 0.25 and 6.38 ± 0.12 mg/ml, respectively 
[17]. Besides ABTS radical scavenging activity, IPS and EPS extracted from C. gracilis and C. 
cicadae also showed significant DPPH radical scavenging activity, reducing power, and iron 
chelating activity. The comparison exposed higher antioxidant activity of Vietnam Cordyceps 
sp. In addition, Wu et al (2011) studied the antioxidant activity of polysaccharide fractions 
purified from C. militaris. The result attributed to their electron transfer or hydrogen donating 
ability. It has been suggested the existence of hydroxyl group in polysaccharides could donate 
electrons to reduce the radicals to a more stable form or reacts with the free radicals to terminate 
the radical chain reaction. There was a direct correlation between antioxidant activities and 
reducing power. Furthermore, the presence of reductant associated with the reducing power. 
Reductant has been shown to exert antioxidant action by breaking the free radical chain by 
donating a hydrogen atom [18].  
Table 1. Polysaccharide and protein contents of EPSs. 
Strains Polysaccharide (%) Protein (%) 
C. sinensis 69.39 ± 0.00 1.01 ± 0.00 
DL0004 69.63 ± 0.00 1.74 ± 0.00 
DL0006 66.98 ± 0.00 1.58 ± 0.00 
DL0015 42.07 ± 0.00 1.29 ± 0.00 
DL0038A 58.31 ± 0.00 1.05 ± 0.00 
DL0038B 63.51 ± 0.00 3.90 ± 0.00 
DL0050 34.04 ± 0.00 1.36 ± 0.00 
DL0067 33.95 ± 0.00 0.98 ± 0.00 
DL0075 34.25 ± 0.00 2.49 ± 0.00 
DL0077 30.95 ± 0.00 1.99 ± 0.00 
ABTS and hydroxyl free radicals scavenging consequences as well as antioxidant effects 
and polysaccharide levels did not show high correlation. EPSs from C. sinensis, DL0038A and 
DL0067 possessed high ABTS free radicals scavenging consequences but low hydroxyl free 
radicals scavenging consequences that were contrast to EPSs from DL0006 and DL0075. In 
addition, EPSs from DL0004 and DL0038B contained high polysaccharide levels but exhibited 
low antioxidant activity. Cheung et al. [19] indicated that the higher protein contents of 
polysaccharide–protein complexes attained by ultrasound-assisted extraction may be a 
responsible factor for their higher antioxidant activities than those of conventional hot-water 
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extraction. The significant correlation was found between the TEAC and protein content of 
exopolysaccharide fractions produced by a C. sinensis fungus in mycelial culture. Together with 
the results from Table 1, this suggested that the antioxidant activities might be due to complexes 
and structures of polysaccharide and protein. Besides, our previous reports determined 
antioxidant and antibacteria activities of extracts from Cordyceps sp. [20, 21]. Moreover, our 
research indicated the ability of PBMCs proliferation of EPS extracted from O. sinensis [22]. 
The fundamental findings in this study are beneficial to the interpretation in the connection of 
the polysaccharide structures and its biological activities. However, there need to be further 
researches to support this opinion. 
Table 2. IC50 values (µg/ml) of ABTS and hydroxyl free radicals scavenging activities. 
Strains ABTS free radicals scavenging assay Hydroxyl free radicals scavenging assay 
C. sinensis 1,263.72 ± 8.05 3,703.84 ± 27.44 
DL0004 2,952.92 ± 26.56 4,411.84 ± 22.41 
DL0006 1,849.59 ± 7.92 1,319.40 ± 15.89 
DL0015 1,704.60 ± 12.13 >5000 
DL0038A 1,130.38 ± 3.90 >5000 
DL0038B 1,310.07 ± 7.13 >5000 
DL0050 1,357.50 ± 7.69 >5000 
DL0067 1,026.70 ± 3.64 >5000 
DL0075 1,838.29 ± 11.75 463.15 ± 26.19 
DL0077 1,958.27 ± 11.69 4,226.28 ± 85.11 
Vitamin C 30.86 ± 0.05 112.70 ± 0.14 
4. CONCLUSION 
EPSs from Cordyceps sp. isolated in Viet Nam were determined strong antioxidant activity. 
Therefore, the EPS exhibiting remarkable antioxidant activity could be regarded as natural 
antioxidant food or feed additive. For further study, the other bioactivities both in vitro and in 
vivo should be explored and demonstrated in the future.  
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Cordyceps là một loại dược liệu cổ truyền quý được sử dụng để chữa trị nhiều bệnh nhiều 
thế kỷ qua. Bên cạnh đó, polysaccharide tách chiết từ Cordyceps sở hữu nhiều hoạt tính sinh 
học, đặc biệt là hoạt tính kháng oxy hóa. Do đó, nghiên cứu này tập trung nghiên cứu hoạt tính 
kháng oxy hóa của exopolysaccharide tách chiết từ dịch nuôi cấy của nhiều loại Cordyceps được 
phân lập tại Việt Nam. Kết quả cho thấy dịch nuôi cấy Cordyceps sinensis chứa hàm lượng EPS 
và carbohydrate cao nhất trong khi hàm lượng protein rất thấp (2,75 g/l, 69,39 % và 1,01 %). 
Các EPS đều sở hữu hoạt tính kháng oxy hóa và có thể được xem như nguồn hoạt chất kháng 
oxy hóa tiềm năng. Trong đó, EPS tách chiết từ DL0067 sở hữu khả năng bắt gốc tự do ABTS 
cao nhất (IC50 = 1.026,70 ± 3,64 µg/ml) nhưng khả năng bắt gốc tự do hydroxyl thấp nhất (IC50 
> 5.000 µg/ml). Tuy nhiên, EPS tách chiết từ DL0075 sở hữu khả năng bắt gốc tự do hydroxyl 
cao nhất (IC50 = 463,15 ± 26,19 µg/ml). Kết quả cũng chứng minh EPS tách chiết từ dịch nuôi 
cấy các chủng Cordyceps phân lập tại Việt Nam sở hữu hoạt tính kháng oxy hóa cao hơn 
Cordyceps sinensis. Nghiên cứu cũng chỉ ra rằng hoạt tính kháng oxy hóa liên quan đến phức 
hợp polysaccharide – protein thay vì chỉ polysaccharide.  
Từ khóa: bắt gốc tự do, dịch nuôi cấy, Cordyceps, EPS, exopolysaccharide, kháng oxy hóa. 
